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The Hazardous Substances Advisory Committee (HSAC) provides expert advice to UK officials, Ministers and
other relevant bodies on the protection of the environment, and human health via the environment, from
potentially hazardous substances and articles. Hazardous substances are often the subject of controversy, on
which individuals, and different groups in society, hold divergent views. This paper details the approach taken
by HSAC when considering the evidence to provide advice on hazardous substances. Firstly HSAC reviews the
range of evidence and determines its quality considering: transparency of aims, the methodology and results,

Keywords:
Quality of evidence completeness, independent review and accessibility. HSAC does not follow one explicit methodology as the
Hazardoussubstances wide range of hazardous substances we consider means they need to be addressed on a case by case basis.

Most notably HSAC considersthe evidence in the wider context, beingaware of factors that influence individuals
in their decision making when receiving a HSAC opinion e.g. trust in the source of the evidence, defensibility,
conformityto a ‘world view’ and framing. HSACs also reflect on its own perspectives with the aim of addressing
biasby the diversityof its membership. TheCommittee'sintention, in adoptingthisroundedapproach,is to reach

Environmentalprotection

opinionsthat are robust, relevant and defensible.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The Hazardous Substances Advisory Committee (HSAC) provides
expert advice to UK officials, Ministers and other relevant bodies on
the protection of the environment,and human health via the environ-
ment, from potentially hazardous substances and articles.! The
Committee's membership is muiti-disciplinary and independent, en-
ablingit to approachtheevidencefrom arange of differentperspectives.
The Code of Practise requiresmembersto observe the higheststandards
of impartiality, integrity and objectivity in relation to the advice they
provide; the Code also includes clear provisions for handling conflicts
of interest.

Hazardoussubstancesare often the subjectofcontroversy,on which
individuals,and differentgroupsinsociety,hold divergentviews.In for-
mulating its advice, the Committee needs to analyse, interpret and as-
sess the available evidence, often in situations where the uncertainties
may be considerable. This paper documents the different kinds of evi-
dence that might be available to the Committee; the criteria that HSAC
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adopts in its assessments; and the wider perspectives and concerns
that have a bearing on the issues at hand. It also proposes a process
through which the Committee's judgements about the quality of the
availableevidence could be communicated in an accessible form.

2. Typesof evidence

HSAC recognises that evidence varies in its source, robustness and
defensibility, and that these factors will influence the degree of confi-
dence that assessorscan assign to any given ‘piece’ of evidence,or toa
body of evidence as a whole. While most of the scientific evidence
assessedby HSACderivesfrom experimentalor epidemiologicalstudies,
or is based on modelling of some kind, observationaland anecdotal ev-
idence may also be considered (Table 1). Evidence in the last two cate-
gories sometimes provides a first indication that a phenomenon is
worthy of furtherinvestigation,and can lead to moresystematicstudies.
It is likely that the availability of less systematic evidence will increase
with the evolution of social media.Statisticalevidenceis oftengrounded
on hypotheseswhich have been tested to a certain degree. However, it
takes time and resourcesto collect statistically robust data, so that such
studies may not reflect rapidly changing circumstances and emerging
problems.
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Table1
Categoriesof evidence.

Type of evidence

Experimental Model-based Epidemiological Observationat Anecdotat
Obtained through a Computer modelling Data based on studies Based on Based on personal
methodological of effectsor of populations under observations and accounts of effects.
approach to exposures fo provide real-world conditions. experience.

experimental design

and data collection.

Possible to show

causality/association

a measurement of

impact.

Infers causality

Infers association

Infers association

Hypothetical
association-
potentially identifies
issues of concern, not
yet addressed in

scientific research

Repeated Approach informed Foliows published Field observations Relatively high
experiments with a by empirical guidance (e.g. WHO) made in a systematic incidence of specific
high degree of evidence, ail with clear methods way, but without a effects; consistency
replication and processes and and rationale for data specific between unconnected
T, controls parameters revealed inclusion or exclusion experimental design accounts; different
following to allow repetition accounts carefully
: internationally by others collated.
. accepted standards
Gl (e.g. OECD Test
i Guidance
c
g Documents)
Not meeting widely- Model without Un-tested method, Circumstantial Uncorroborated,

accepted antecedents, inadequately
experimental parameters from reported, using non-
protocols; untested assumptions not standard

method, poorly measurements, measurements of
reported processes a black impact

box, i.e. cannot be

repeated by others

evidence random or unconfirmed

‘one off eventsor anecdotes: ‘afriend of

phenomena afriend..’

There can be significant variations of quality within each type of evidence. Examples (not exhaustive} are given of what might be considered ‘high’ or ‘low’

quality evidence within each column; in practice, there will be a gradation. No simple (horizontal) quality continuum between dfferent types of evidence

is implied; see sections 3 and 4 below.

Therecan be significant variationsof quality within each type of evidence Examples ( not exhaustive)are given of what might be considered’high’ or ‘fow’ quality evidence within each
column; in practise, there will be a gradation.No simple (horizontal)quality continuumbetween different types of evidenceis implied; see Sections 3 and 4 below.

3.Judging quality: considerationsto take into account

In reviewing the scientific evidence, HSAC considers the extent to
which any given study meets the foliowing, widely-accepted criteria.
HSAC may attach particular weight to evidence that conforms to these
criteria, though ‘weaker’ evidence (in these terms) should not be
dismissed: it can be part of the bigger picture when different sources
of evidence are combined.

» Transparency of aims. A study should have aclearlystated purpose, in
termsof the problem to which it relatesand the research questionsto
be addressed.Conventionally,this is achieved through the statement
of a hypothesis. The hypothesisto be tested should preferably link to

previous work, and the study should be clear about the ways in
which it builds upon, or challenges, the evidence base. The nature of
HSAC's work is such that the Committee is often focusing on sub-
stances that have not been subject to exhaustive scientific studies
(nanomaterials would be one example). In this case the hypothesis
may be that a suspected causal agent is responsible for harm and it
is important to recognise that this is essentiallyan arbitrary formuia-
tion. In assessing the stated hypothesis, it has to be clearly structured
sothatitisproperlytestableand falsifiable. HSACrecognisesthat find-
ings based on statistical evidence are conditional on the structure of
the hypotheses,and also on a potentiallyarbitrary decision about sig-
nificance levels (e.g.a 10%or 5%probabilityof Type 1 error—i.e. incor-
rectly rejecting a true null hypothesis) and confidence intervals
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Framing, trust,
conformity,
controversy,
defensibility

Fig. 1. HSAC workflow.

selected by the researcher (e.g. a 90 or 95% probability of the true
value lying within the interval).

Methodology and results. For experimental evidence, the Bradford
Hill features or characteristicsof causal associations (Hill, 1965) pro-
vide an excellent starting point for investigating causality. These
include: temporality, strength of the association, consistency of the ob-
servations biological plausibility of the effect and evidence for recovery
foliowing diminution of the agent suspected of causing stress.

Within each experimentalstudy HSAC wouldalso have regard to the
following:

Methodology. For given datasourcesthe methodsusedshould havea
sound scientific basis and should be fully described, capable of repeti-
tion and appropriate to the aims of the study. The reproducibility of
the methodshould be tested by statisticalexamination of the replicates
where the variabilityshould ideally be low. The risks of bias in datacol-
lectionshould have beenconsidered in the study design, and the efforts
made to minimise any recognisable bias should be declared. There
should be evidence of sound laboratory procedure, such as the use of
controlsand analytical blanks.

Resultsand interpretation.Resultsshould be presentedin a transpar-
ent way and should have appropriatestatistical validity and power (for
example, the data set should be of a suitablesize, and appropriatecon-
fidence intervalsand significance levels should be used). The caveat to
any study is ‘under the experimental conditions described’, so it is im-
portantthat the conditionsare relevant to the problem under investiga-
tion. The interpretationof the datashould consider potential sources of
errorin thestudy,and theextentto which these affect the degree of un-
certainty assigned to the findingsand conclusions. The null and alterna-
tive hypotheses should be carefully constructed so that the study gives
robust findings, allowing researchersto be confident about their result.

» Completeness.Astudy should be sufficiently completeto enable third
partiesto review it and arrive at an independentinterpretationofits
findings, which may or may not coincide with that of the original au-
thors. As already noted, the authors should themselves attempt to
identify uncertainties and weaknesses in a given study, though it
may not be easy (or even possible) to be comprehensive in this re-
spect (see Sections4 and 5).

Independent review. The source of a study and the likelihood of bias
are important considerations when assessing the quality of evidence
(see also Section &). Peer review (that is, review of a study by those
regarded as having expertise in the field) is critical in this respect,
even if it is an imperfect process. Greater confidence is also gained
as other independentscientists replicate the original findings.
Accessibility.Studiesshould be published or availablein archival form
in the public domain, so that the evidence can be readily examined.
Even if they are not freely available, the costs of accessto cited studies
should not be prohibitive.ldeally, the raw data on which the study is
based should also be available in a comprehensible form, so that its
use can be assessed by others.

A number of formalised approaches, including, for example, the
‘Klimisch criteria’ and Harris et al. (Harris et al., 2014, Klimisch et al,,
1997), suggest further attributes of what might be considered ‘high
quality evidence’, and these can be incorporated into a ‘weight of evi-
dence’ approach (Weed, 2005) and systematic review. HSAC's remit
means that it may be called upon to assessand report on a wide range
of areas and potential hazards, and the specific approach used needs
to be selected on a case-by-casebasis. HSACseeks to ensure that its rec-
ommendationsare fully and transparently described.

It is important to be aware of the limitations of criteria such as those
described above. Even studiesthat ‘tick all the boxes may, forexample,
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be the subject of unconscious bias or ‘groupthink’; research questions
and design may be influenced by experimenters'prior beliefs, or driven
by particular fashions or pressures to publish. Researchers may form
their conclusions relatively quickly, using heuristicsor ‘rules of thumb’
(quick decision-making devices that can be useful but can also lead to
biased assessments of evidence) and when these approaches are
applied they may or may not have a reasonable empirical basis
(Baddeley, 2015). Further, it is in the nature of certain forms of bias
that they seem normal and unbiased to those who hold them. HSAC
considers it important, therefore, always to reflect on research ques-
tions and assumptions when considering scientific evidence, and to
ask, for example, ‘how has the study been framed?, and ‘what might
have been missed? It is just as important for HSAC itself to reflect on
assumptions and possible biases in its own evaluation of the evidence
—a process that is facilitated by the diversity of the Committee.

4. The wider context

Criteria for assessing the quality of evidence can be surprisingly dif-
ficult to distinguish from those that individualsand groups deploy,con-
sciously or not,in judging how much credencetoattach toevidenceina
particular case. The difficulty lies in identifying a benchmark from
which to determine whetherevidenceis ‘sound’, in some wholly impar-
tial, objectivesense. In assessing the available evidence,and offeringan
opinion, HSAC is consciousthat the science alone, while of fundamental
importance, is unlikely to settle issues of deep controversy. Rather,
those presented with new evidence (scientistsand advisors, as well as
pressuregroups, publicsand decision makers) tend to be influencedby:

» Trust in the source of the evidence. Important considerations are
whether the evidence comes from an individual or institution seen
to have authority from the recipient's perspective and whether the
source has a known, explicit or inferred bias. Obvious interests in
the issue at hand can reduce the trustworthiness of evidence (‘they
would say that wouldn't they?’). Conversely, evidence that takes an
unpredictable or unexpected line can sometimesbe persuasive.

» Defensibility.Recipientsof evidence form views about whetherit has
been arrived at in a defensible way, and there is clearly overlap here
with the standard, scientific criteria for ‘good’ evidence (Section 3).
The wider pointis that in mattersofcontroversy,the quality of the ev-
idence is itselflikely to be a matter for dispute, because this becomes
part of the process of questioningunwelcome findings. Assumptions,
judgements and biases (which are always, and necessarily, present,
sometimes hidden behind claims about ‘objectivity’) are likely to be
exposed and questioned.

Conformity to the recipient's ‘worldview’. Worldviews may include

beliefsabout nature (for example, whether natural systemsare fragile

or robust)and positive/negativefeelingsabout particular ‘risky activ-
ities; they may be shared within groups, communities and cultures

(Dake, 1992; Douglasand Wildavsky, 1982). Even for the most ‘objec-

tive’ of recipients, evidence is likely to be filtered through a world-

view.

Framing.Evidence may be more persuasiveifit relatesto a meaningful

framing of the problem from the recipient’'s perspective (Schén and

Rein, 1994). Individuals may be unimpressed by evidence suggesting

that substance X is ‘safe’ if the risk in question is not what really

bothers them about that substance (for example, if reassurances are
based on potentialharmsto human health,butconcernsare with pos-
sible effects in the wider environment). Alternatively, they are likely
to seize upon evidence exonerating X, if X is a substance whose use
they want to promote. Even high quality evidence, according to

criteriasuch asthose in Section 3, will make little difference if it relates
to an issue that is not, in fact, the primary issue of concern.

HSAC needs to be aware of these wider considerations,in addition to
‘purely’ scientific matters, when reviewing the available evidence and
will aim to reflect them when presenting an opinion (Fig. 1. and S..).
HSAC's view is that awareness of context and different perspectives
will enhance both the quality of its own deliberations and the utility
of its opinions for decision-makers.

5. Towardsa transparentassessment

HSAC addressesdifferentkinds of questions, for which the evidence
varies in terms of type, quality and amount. The Committee needs,
therefore, to be flexible in its specific approach when weighing the evi-
denceandarrivingat an opinion (examplesof published HSAC opinions
are provided in S.I.).Criteria of the kind outlined in Section 3 can be ap-
plied as appropriate to the scientific evidence but the body of evidence
as a whole needs also to be considered, and HSAC will take account of
important, wider questions such as those of problem framing. As
noted in Section 3, HSAC also reflects on its own perspectives (assisted
by the diversity of its membership) and on the wider context within
which the problem has been framed. The Committee's intention, in
adopting this rounded approach (Fig. 1.), is to reach opinions that are
robust, relevant and defensible. HSAC also considershow it might best
reflect the overall strength of any given assessmentand communicate
the degree of confidence in its opinion. Quantitativemeasures, while at-
tractivein some senses, can be open to misinterpretation,buta number
of usefulsystemsexist for indicatinglevelsofconfidence in a qualitative
way (Annual Report of the GovernmentChief Scientific Adviser, 2014;
TR Society, 2014; Michael et al,, 2010). HSAC will adopt (and adapt)
one or more of these systems, as appropriate to the case in hand,
when presentingits conclusions.

Appendix A. Supplementarydata

Supplementary data to this article can be found online at http://dx.
dol.org/10.1016/j.envint.2016.01.006
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Considering evidence: Two HSAC case studies

Two examples of published HSAC opinions illustrate how HSAC considers evidence in practice: the 2010
opinion of the Advisory Committee on Hazardous Substances (ACHS) (HSAC’s predecessor) on the flame
retardant decabrominated diphenyl ether (decaBDE)! and the HSAC 2012 opinion on nanomaterials’. These
illustrate how HSAC’s commentary is constrained by limits on the quality and/or quantity of evidence, and
how HSAC can inform the scientific community about the type of evidence that is useful in practice. The
constraints on evidence are often significant, particularly with newly identified and innovative materials
when the scientific community has not had opportunity to conduct exhaustive studies. This annex briefly
outlines these two examples to illustrate how HSAC balances different criteria when, as is often the case, the
evidence base is incomplete. 'In these cases it can also be difficult precisely to define the substances or the

potential harms that are of concern.
Flame retardants

The ACHS opinion on the deca-BDE family of flame retardants reflected some of the problems that emerge
when the evidence base is partial and incomplete. It also illustrates how within these categories (see Table 1.)
and HSAC’s workflow diagram (see Annex 1) can be applied in practice. ACHS was asked to form an
opinion about whether or not deca-BDE compounds “were of an equivalent level of concern to be a PBT
[Persistent Bioaccumulative Toxic] substance for the purposes of the REACH Regulation?”’. The challenge
was to assess the experimental evidence about impacts of deca-BDE collected in the face of a range of
confounding factors, including poor aqueous solubility, and a wide range of potential breakdown products -
some of which could arise from other parent materials. These confounding factors meant that degradation
products were not identified in most studies. ACHS carefully considered the quality of the experimental
evidence and one study was discounted because it was conducted under artificial, indoor conditions, making
it difficult to extrapolate to natural light and outdoor conditions. Another study had a particular weight in
ACHS’s deliberations — specifically in forming an opinion about whether decaBDE is a very persistent
compound — ACHS’s opinion was that it is, but “ACHS recognises that this conclusion is, of necessity, based
upon the results of a single study”. Also, given the limited experimental evidence base, circumstantial
evidence also played a significant role in deliberations: “Circumstantial evidence indicates that there is
potential for deca-BDE to debrominate in the environment to substances that are also of concern (e.g. hexa-

and heptaBDE)”.

! http://archive.defra.gov.uk/environment/quality/chemicals/achs/documents/achs-decaBDE-opinion-100923 . pdf

*www.gov.uk/government/uploads/system/uploads/attachment_data/file/208644/hsac-opinion-
nanoscience.pdf
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This report illustrates well how HSAC balances evidence. Two types of evidence as set out in Table 1 were
used: experimental evidence, and circumstantial evidence. The experimental evidence was limited and
mixed: for example ACHS judged one study to be particularly relevant, but its quality in terms of Table 1
was moderate: “[the finding/, which has been reported informally but not yet in peer-reviewed papers,
provides substantial evidence of transformation of deca-BDE to breakdown products in surface sediments”.
The qualitative, circumstantialevidence was relatively good. This case also demonstrates the lack of any
casily-defined quality gradient between different types of evidence, and illustratesthe HSAC workflow
(Annex 1) in practice: the quantitative experimental evidence was insufficient to form a judgement, and so
the committee considered whether other evidence, viz. qualitative circumstantial evidence, was available, and
this played a significant role in ACHS’s deliberation. The recommendation was framed in a context in which
qualitative evidence was the main reference point, and this is what convinced the ACHS that decaBDE has
the potential to undergo environmental degradation: “The existence of strong qualitative evidence, together
with some quantification in experimental systems, has convinced the ACHS that deca-BDE has the potential
to undergo environmental degradation”. It must be emphasised however that this decision was not framed in
the context of a strong quantitative evidence base and/or a full cost benefit analysis, given that the
information needed for such an analysis was not available. So the recommendation can only be regarded as

tentative. It is important that such recommendations are re-visited frequently in the light of all new evidence.

Nanomaterials

The HSAC 2012 opinion on nanomaterials sets out some ways in which HSAC can lead in improving the
quality of scientific evidence. This opinion sets out a number of recommendations, and identifies “Some
issues and difficulties ... |and a| need for more consistent standards for nanoparticles’. The report illustrates
how some of the criteria (accessibility, transparency of aims etc.) outlined in section 3 of this report can be
applied in practice. This report also illustrates how the weight of evidence can be balanced when
conventional scientific experimental evidence is limited, and the uncertainties are particularly profound for
innovative, manufactured materials that are relatively novel. In these cases it can also be difficult precisely to
define the substance of concern. HSAC observed: “There are significant knowledge gaps limiting our
understanding of the human and environmental hazard and risks of nanotechnology’. The evidence base is
mixed, and experimental evidence is patchy and of low quality “[the] /iterature has been criticized due to a
lack of quantification of nanomaterials and experimental systems”. 'In these cases it can also be difficult

precisely to define the substances or the potential harms that are of concern.

The HSAC report sets out a number of recommendations to show how the quality of experimental and
model-based evidence can be improved — i.e. how to move the evidence from low to high quality (Table 1.).
Some examples include the need for external validity — that the scientific evidence should mirror realworld
use: HSAC recommended that “studies of the particular sample investigated must show similar (range of)

key features to that used commercially”. Another recommendation focused on the need for transparency

2
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“Validation and uncertainty in all metrics should be discussed”. The report focused on quantitative evidence
and an interesting question to be explored in future HSAC judgments on nanomaterials and nanoparticles is
to how epidemiological and circumstantial evidence can be combined to improve HSAC opinions when the

evidence base about innovative materials is limited.
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